Statement of the Problem: Root canal therapy should not simply be the extirpation of the pulp and widening of the canal. But one should also focus on how to completely remove the loosely-attached smear layer because it has adverse effects on the final outcome of the treatment.
Introduction
An inevitable consequence of any hand or rotary instrumentation is the generation of substantial amount of debris shattered from the mineralized tissues. This forms a nonhomogenous structure, called the smear layer, on the walls of the cavity and root canal. The smear layer consists of inorganic and organic components such as dentin, remnants of odontoblastic processes, pulpal tissue and bacteria. [1] Despite controversies regarding smear layer removal, the general accord is that the smear layer has adverse effect on the final outcome because it is a potential avenue for microleakage, harbors microorganisms, reduces dentin permeability, compromises adequate disinfection by limiting the diffusion of endodontic disinfectants inside dentinal tubules and a fluid tight seal by acting as a barrier between the obturating materials and canal walls. [2] Therefore, root canal therapy should not simply be the extirpation of the pulp and widening of the canal. But one should also focus on how to completely remove the loosely-attached smear layer.
Various methods such as laser, ultrasonic, numer- Orange, CA) is a 17% EDTA solution containing a cationic (cetrimide) and an anionic surfactant. It has also been investigated as an effective smear layer removing and root canal cleansing agent in some previous studies.
[ [11] [12] [13] BioPure MTAD (Dentspl;, Tulsa Dental, Tulsa, OK, USA), a biocompatible material [14] has been found as effective as EDTA in solubilizing the pulp and dentin. [15] A previous study [16] has tested the aforementioned agents for removing calcium ions from the root canal which is advantageous for the inorganic smear layer removal as well as negotiation and instrumentation of fine calcified canals. However, the effect of these agents in a particular region of the root canal (coronal, middle , and apical), especially the apical one from which calcium ions preferably elute, could not be inferred. Therefore, this ex vivo scanning electron microscope (SEM) study was conducted to assess the effectiveness of 9% etidronic acid, 18% etidronic acid, SmearClear and MTAD in removing the smear layer from the coronal, middle and apical third regions of the instrumented root canal.
Materials and Method
Sample selection and preparation All photomicrographs were scored independently by an examiner who was not aware of the coding system in order to avoid observer bias. Scoring was repeated twice to make sure intraexaminer uniformity.
Statistical analysis
The smear layer score of all groups was compared by 
Results
The smear layer score of five groups at three different root canal regions is summarized as Mean±SD in Table   1 . Among groups, SmearClear showed least smear layer score followed by MTAD, 18% etidronic acid, 9% etidronic acid and normal saline. The smear scores of all experimental groups were found least in the coronal region followed by middle and apical region. The twoway ANOVA test revealed significant (p< 0.001) effect 4.00 ± 0.00
Means followed by the similar superscript lowercase letters in columns indicate no statistically significant differences (p> 0.05) among groups for each root canal region. However, dissimilar superscript lowercase letters in columns indicate statistically significant differences among groups for each root canal region (p< 0.05) Means followed by the similar superscript uppercase letters in rows indicate no statistically significant differences (p> 0.05) among different root canal regions for each group. However, dissimilar superscript uppercase letters in rows indicate statistically significant differences among different root canal regions for each group (p< 0.05) of groups and different root canal regions on smear layer. Further, the interaction effect of root canal regions and groups on smear layer was also found to be significant (p= 0.006). Further, 18% etidronic acid also showed significantly (p< 0.05) higher score in the apical region than the middle. However, SmearClear showed comparatively lower, but statistically non-significant (p> 0.05) scores in both coronal and middle regions than apical.
Discussion
During root canal instrumentation, the final apical enlargement or preparation size is still a matter of debate.
[18] Therefore, all potential mechanisms should be explored for the best possible chemomechanical debride ment of the canal to reduce microbial load. The strategy erosive effect on dentin. However, the authors found no such detrimental effects on dentin even after 5 minutes of irrigation with the chelating solutions used in the present study. This may be either due to disparity in sample selection, experimental arrangement or both.
The overall performance of etidronic acid to remove the smear layer was found inferior to SmearClear and MTAD. This may be due to its weaker chelating property. [28] For any new material to be clinically used, its potential adverse effects are the main concern.
Etidronic acid is a biocompatible material and has been used in treating osteoporosis and osteolytic diseases of jaws. [10] Etidronic acid is also used in swimming pools to prevent stains from metal ions because of its compatibility with hypochlorite. [10] In the present study, 18%
etidronic acid was found to be more efficient than 9% etidronic acid. This is probably due to differences in concentration gradient and stability constant of the etidronic acid -calcium complex. [29] 9% etidronic acid was found to have smear layer removal efficacy in the coronal region as equal to that of other experimental groups. But in the apical region, it removed less smear layer when compared with SmaerClear and MTAD.
This might be because of the lesser chelating action of etidronic acid on sclerosed dentin in apical regions.
To facilitate effective debris and smear layer removal, the contact of an irrigants on a solid surface (dentin walls) is essential and directly correlates to its surface tension. [30] Abou-Rass and Patonai [31] proved that reduction of surface tension of an irrigant enhanced its flow inside the main canal, accessory canals, ramifications and the dentinal tubules. These views are in support of the present investigation, where SmearClear had shown better smear layer removal than other chelators used. This may be because of its low surface tension (33mJ/m2) due to the presence of additional surfactants. However, our result is in contrast to the findings of Khedmat et al. [12] who used 1 ml of SmearClear for 1 minute followed by 3ml of 5.25%
NaOCl as final irrigant. Moreover, some other studies have also stated reducing surface tension of an irrigant did not affect its chelating ability. [6, 11, 28] This may be due to difference in experimental design, concentration of chelators used and their application time.
The exact mechanism of action of MTAD in removing the smear layer and killing microbes is not clearly well known. It has been stated that its smear layer removing capacity, is due to its doxycycline and citric acid component. These components have been separately reported as competent agents in removing the smear layer. [32] In the present ex vivo study, MTAD was found as efficient to remove the smear layer as SmearClear except in the apical region where it was slightly inferior, but not statistically different. This is probably due to lesser surfactants in MTAD. Torabinejad et al. [3] reported that MTAD was superior to EDTA in debris removal in the apical regions with minimal erosive changes in the structure of dentin. However, Tay et al. [33] showed that MTAD was more aggressive in dentin demineralization and exposed about 2 times thicker layers of collagen matrices than EDTA.
The extra added advantage of MTAD is its antimicrobial effect due to the bacteriostatic effect of the doxycycline which exerts its effect through inhibition of protein synthesis. This eliminates the risk of release of antigenic endotoxins. [34] The present investigation was carried out in an in vitro environment. Therefore, the results obtained may 
